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[00011 The present invention relates to a method for the standardization of chromatograms obtained in chromatog- 
raphy systems. The present invention may be particularly useful in capillary electrophoresis systems. 

Background of the Invention 

r00021 CaDillarv electrophoresis (CE) is an electrophoresis technique utilizing small bore capillaries CE provides 
m thods?orCrpar2i^^^^ of Ionic species including macromolecules. The efficiency of CE can be re at,vely high, 
e in excess of 400 OOO theoretical plates, and thus is being explored for a number of different app cations. 
[0003] A typical CE system includes a 50-1 00 micrometer internal diameter silica -P'-'^^J"^^? ^' J;^;," 
electrically conducting buffer. The outlet end of the capillary Is Immersed in a reservoir containing the buffer and an 
feS ode A sa^,ple containing ions of interest is introduced Into the Inlet end of the capillary and t en the inlet is placed 
anotherlen^'olr containing the buffer and another electrode. Since a '^.^^l^. .^^^^ 

relatively high applied voltage can be used without the generation of themial gradients in the capillary, thus the elec 
tro^s are Snnec^^^ to a power supply capable of delivering -30 kV per 100 cm of capillary. A detector ,s placed 
beleen thrtTS^^^^^^^^ of various Ionic species migrating in the capillary. A detector so pos. 

So^ed is ofteS^referred to as an on-column detector. Typically, an Integrator Is attached to the detector, such that the 

^r'TheToveTeTofS sample ions of interest is controlled by two factors: the electrophoretic velocity and the 
electroosmotic flow velocity. The total migration velocity is the vector sum of these two temis. 
Ssr ElXhoretlc migration is the migration of the sample ion towards the oppositely charged ^ tetrode unde 
!!e influence of the electric field. The electrophoretic mobility of any particular ion is the electrophoretic velocity per 

ZoT Soosmotic flow (EOF) is the bulk flow of the buffer In the capillary. EOF Is due to the charge of the inside 
iurface of Sp!Z which s in contact with buffer containing mobile counterions. For example, an unrriodified sihca 
cSrn, surfac^^^^^^^^ sllanol (Si-OH) groups that are negatively charged (SI-0-) when the pH of he buffer is 
g r e7tha 'a^^^^ 2, and positively charged (SI-OH,.) when the pH Is less than about 2. ^vely hj^^^^^^ 
cations may be adsorbed onto the inside surface of the capillary to obtain a positively charged surface ^i Jer pHs^ 
mZ When the surface Is negatively charged, then the mobile counterions, for example, sodium ions (Na ), migrate 
Sthe^nflence of the electric field and in the process drag the bulk solvent with the- T us he di^ction of the 
electroosmotic flow is from the positive to the negative electrode when the surface is "^9^;^^^/^^^^^^^^^^ ^ ^ 

[0008] When the surface Is positively charged, then the mobile counterions of the posit^ely ^j^^^Sf ^ ^urf^^^^^^^^ 
Lhosphate ions (HP0^2 ), migrate under the influence of the electric field and in the process drag the bulk solvent 
wfhS Thus'he direction of the electroosmotic flow is from the negative to the positive electrode when the surface 

IoOmT' WheSsurface is not charged, then there is no electroosmotic flow, and any movement of anaVte ions is 

?o;VorTus'::rdi:;"^^^ 

and the polari^ of the applied voltage, electroosmosis can augment, counteract or even ovemde the electrophoretic 
mov me'nfsince sample'components to be detem^ined must travel from the inlet end of -Pi"^";;;^^^^^^^^^^^ 
which Is located near the outlet end of the capillary. It Is essential that they move in desired d rection ^ Howeve^^ 
I^nce the total migration velocity of the sample Is the vector sum of the electrophoretic velocity and the « ec roosr^ot c 

w ve'oX it is possible that the charge of the sample is such that It would move away from the outM electrode 
the absence of electroosmotic flow; under these conditions the electroosmotic flow velocity of the bulk solution must 
be greater than the electrophoretic mobility of the analyte. H»r,»nH nn 

[00?1] The detector used in the CE system is very important, and the type of detector used w, "^"/"V^^^^^^^^^^^^ 
he properties of the compounds under ana^sis. Current^, there are a number of different detecto schemes utH ed 
n CE These include direct and indirect photometric detection, direct and Indirect fluorescence detect on, as well as 
Tupprelsed a d' on -suppressed conductometric detection. Other types of detection which may be utilized a^ mass 
Sec'ometry liomat,^ and other electrochemical methods such as amperometry. These methods may be used 
either on-column or end-column, i.e. at some point after the outlet electrode. 

m012] Wh e most organic molecules of interest display significant ultraviolet absorption such that direct photometrjc 
SonVs praTtical, this is not the case for many inorganic ions or aliphatic carboxylic acids that display very low 
oD Si absomtion Thus indirect photometric or fluorescence detection may be utilized in these cases. For example 
S ect f«e ri^ is described in Gross et al.. Anal. Chem. 62:427-431 (1990); Bachmann et al.. Journal 
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Of Chrom. 626:259-265 (1 992); and Gross et a,. . Journal of Chrom. 480:1 69-1 78 ^l^^^ '"2::lrs^T7To^^^^^^ 
is described in Foret et al Journal of Chrom. 470:299-308 (1989); Foret et al., Electrophoresis 11.780 783 (1990^, 
and HTnshan et a^^^^^^^^^^ of Chrom. 608:41 3-41 9 (1 992). Additional^, since electrical mobility ,s an .ntnnsic property 
nf All Ions detection based on conductivity can be a desirable method for many uses of Cb. 

. 0 ] Hote^r— t^ 

n eauivalent conductance or mobility of the charge carrier electrolyte ion and the analyte ,on. In CE, a large difference 
n moXo the carrier electrolyte ion and the analyte ion leads to excessive peak tailing/front.ng, which means that 
LTe a;?^.r^^^^^^^^ on'^^he choice of the eluent ion. This conflict between optimum sensmvrty and separation 

GfficiencvreDresents the ultimate limitation of nonsuppressed conductivity detection in CE. 

,0 S^^^:rS oT;e suppression, or the post run alteration of the electrolyte buffer such t^J^'^^^-J^-und o. 
of the buffer is decreased, has been explored for ion chromatography (see for example 

3 920 397- 3 925 019; 3.956,559; 4,474,664; 4,751,004; 4,459,357 and 4.999,098), and recent^^ for CE (U.S.S.N. 
07^71 336 and 07/771 597 iled October 4, 1 991 . These systems are refen-ed to as "suppressed" systems. 
oi^5 When conlS^^ detection is utilized, aspects of the electropherogram from a CE run are different from 
15 an nnticallv detected CE run. These phenomena are the subject of the present invention. 

moS Te pSSm wi^^^^ is that the sample volume introduced Into the capillary may vary; samples are not easily 
nTelSd onto the column by a fixed volume valve. This can be a problem in other 'Chromatography systems as weN^ 
altSuqh man^^^^^^^^ do employ a fixed volume valve. Instead, in CE, the samples are introduced into the cap llary 
f several wa^^^^ injection modes for CE are pressurization of the sample- or standard-containing via^ or a f ixed 

Lath of i^e (pressure injection), or the application of an electrical field for a fixed length of time (electrostatic injection . 

5 cEL^mplL inSon methods are based on time of injection. This means that small variabilities in time, sample 
Jscos^, preslre oXros^ height may result in variabilities of the sample volume injected. This may have a 

::2:2^Sir^r:.ant.cation of sample peaKs d.icuj, ^antif.a.on 
eq 1 thanheTjected volume of the sample and the injected volume of the standard be essential^ exactly the 
same or that the volume of each be precisely known to compensate for injected volume dilTerences. 
rooTsi Another problem with CE and other systems relying on electroosmotic flow is that it is difficult to detem^^.ne 
Sr^Ltr^osl^c flov^^velocity, and to detect any variations in this rate. For example, in CE, the electroosmotic flow 
ve!ocL in a baT^^^^^^^^ capillan^ can be affected by material adsorbed on the wall from the P--°.-J")- -'J^'^ 
may air the flow rate. Similarly, the flow rate of different capillaries may be different due to a variety of 'acto^. The 
S~ticZvelocrty will also Change as a result of 

etgrrnlmes of the ana^e peaks, i.e. total migration velocity of the anaVte, this may be a -ous prob e-^^^^^^^ 
takes on an increased significance if an integrator is used, since the integration is dependent on time, thus a decrease 
in the flow rate for a sample run may result in an increase in the peak area, and vice versa 
0019 These two limita'ons are addressed by the present invention. Patent Abstracts °' ^^^P^' 

6 JP-A-60 169 764 describes a chromatographic method of obtaining the concentration of an ion from the quotient W/ 
5 Where W is t^e amount of each ion and V is the injection amount of a standard solution. W is detem^ined from t e 
IpoTonal relaLnship between each ion amount and a peak area value. V is determined by the proportional rela- 
Zshrbetetn t^^^^^ amount and a water dip area. This document does not disclose normalization of va ia^ 
Ss be^^en chromatograms of standard and sample chromatography runs. The present invention is based on th 
oise^aSo^ that when certain types of detection is utilized in CE, and other types of chromatography, a water dip 
oSurs? The ^tJ^tor b^ as the water associated wrth the injected sample migrates through the detector. T e 
pSsTnJintiont to a method of normalizing or standardizing two or more chromatography or CE runs by using the 

iSoT' Wa^dtrt: w^^ Chromatography systems, although their significance has never been 

Sd. ^1' exam'ple, Stillian, J., Liquid Chromatography, September 1 985 describes an !2ZTceZle^2r 
chromatoaraphv typical water dips may be seen in the figures, with figure 2 showing the interference of the water d p 

nqTarri 

of no value since both flow rate and injection volume are known. Water dips have been shown in capHlary electro 
phoresTs as weirsee o example Fore et a.., J. Chrom. 470:299-308 (1 989). Occasional^, the water dip may be a 
TuisanTe bySering with accurate quantitation of earV eluting peaks. For example, the water dip has been reported 
to ar^SrnXSariyel^ 

Else;er S^^^^^^ page 263 (1990); Gjerde, D.T and Fritz, J.S., ^^^f ^/f If^^^^.^st? 

Verteq page 127 (1987) Johnson., E.L.; Ion Chromatography Marcel Dekker Inc.. Tarter, J.G. Ed., page 5-6 (1987)^ 
Si Thewa^e diisaresultofasamplebeingintroducedontoa^ 
has aLposrondifferentfromthecomposition of the system 

„f HPtPrna this difference between the sample diluent and the system running buffer, the passage of the sample 
let S^h thT^^^^^^^^^ in a change in the detector output. Frequently the sample diluent is such that its 
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properties are "less" than the properties of the system runr,ir,g buffer. For example, in ^°^f'''^;J2T^:::^^^r 
samples are diluted in water, and the water is less conductive than the system running buffer. Th s results in a water 
d p"£n The sCle diluent water passes through the detector. In indirect photometric detection, the water of the 
sam^e has less absorbance than the system running buffer, which is typically of a high absorbance. Thus a detector 
esponse" P^^^^^^ will result from the passage of the water through the detector cell. The same is tme wrth 

. n rSuSsc^^^^^ detection. In direct photometric or fluorescence detection, even thoug t>;---9 
low absorbance or fluorescence at the chosen detection conditions, often its absorbance is st.ll 9^^^*^^ "^^^ 'J^' 
sampJe diluent and a water dip is generated. It is also possible that the sample diluent will haveagreater absort^ance 
or fluorescence than the running buffer; in this case, a water peak IS generated. ^. 
m022r 1^^^^^^^^^^ the sample ions or other compounds are frequently in water. Since the water in 

Jfimole SoflTis n^t ionized it moves down the capillary at the same velocity as the bulk electrolyte, as a result 
Of the eTl« associated with the sample has a lower conductivity than the bulk electrolyte and 

causes a dlD in the detector output as it passes through the conductance cell. 

ro023T The invention is based on the discovery that the infomiation contained within the water dip is very useful in 
r slda di aJon and nom^alization of chromatography runs, and in particular, CE runs. Applicants have dispovered 
hat there's a relationship between the area of the water dip of a standard run and the area of the water dip of a samp e 
run such That a comparison of these two areas will allow the correlation of the standard concentration to the sample 
concentration This relationship may be determined in more than one way . ,,.u„ 

?00241 in particular the area of the water dip is a direct measure of the injected sample volume that contained he 
IT in variou chror^atography systems, and in particular CE systems, the electroosmotic flow is of a "plug" flow 
Su^ Thus^he Sth 0, the water dip, or its area, corrected as necessary for any changes in electroosmotic flow is 
TdJect measure of the volume of the injected sample that contained the water. This allows comparison and quantrfi- 
LtTn ™sampt to the standard which has been previously difficult. This will significant^ improve the precision of 
Quantification in certain chromatography systems, and in CE systems in particular. 

0025 Therefore, included withrn the present invention is a method of normalizing the injection volume variab htie 
of chromatoqrams of standard runs and of sample runs. First, a chromatogram of a standard or a se of standa ds o 
?nowrotentration s created. Then at least one chromatogram of a chromatography run of a sample or samples of 
fntTst is c?ea ed The area of the water dip for the standard run is determined, preferably through the use o an 
t ra arched ^the dlector. The area'of the standard peaks or peak is also determined. Then the sarnp e is 
run and the area of the water dip of the sample run and the area of the sample peaks are determined. Then the peak 
. areas of the sample water dip and sample components are adjusted using the formula: 



Adjusted Peak Area = (measured peak 
35 area) (Area^^ std/A''®3wd sample / 

where Area h .h is the area of the standard run water dip and Area„, .ample is the area of the sample run water dip. 
This caSlonIs done for each sample peak as well as the water dip peak of the sample run. Then the samples may 
40 be quantified using the fonnula: 

Sample concentration = (sample adjusted peak 
area)(standard concentration/standard peak area). 

45 

[0026] This allows a precise determination of the concentration of a sample. Thus the standard run and the sample 
run or runs may be standardized or nomialized for meaningful comparison. to n^t 

Smt^ The technique can also be used when, for example, one deliberate^, uses a higher sample volume to get 
EsenstS^re m ve to calibrations. It is not necessary to re-calibrate using the new sample volume or to previously 
Snow the NecTed volume. The same equations shown above are applied and the correct analyte concentration can 

foMw' ' Anoter aspect of the present invention involves the use of the water dip as a means for the detemiination 
SSow velocrty on^^^^ systern running buffer in a CE or chromatography system. The Applicants have discovered 
that thSlTbetween the start of the run and the appearance of the water dip is useful in the detemiination of the 
ow veloc ro system o^^^ buffer. Specifically applicants have discovered that the relatior,ship between the mi- 
Sion time of the standard run water dip and the migration time of the sample run water dip will f -"^'"^^"V ^ To 
To s i The f ow velocity of the system running buffer between the two runs. Thus this relationship may be used to 
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correlate the mobility of the standards to the mobility of the samples. 

[0029] This relationship between the migration time of the water dip of the standard run and the water dip of the 
sample run is particularly useful In CE systems. This relationship allows the detemilnatlon of any alterations in the 
electroosmotic flow velocity between the two runs in a number of ways, several of which are outlined below. 
5 [0030] As outlined above, the electroosmotic flow velocity in CE may vary as a result of accumulated adsorbed 
material on the surface of the capillary, the introduction of a new capillary or a membrane attached to the capillary, or 
of a change in the applied voltage. These variations may result in a change in the migration time of the samples or 
standards By calculating the time interval between the injection of the sample and the appearance of the water dip, 
the flow velocity for a capillary of a known volume can be determined. Once the electroosmotic flow velocity is known, 
10 the electrophoretic migration velocity may be calculated for individual standards and analytes, which is characteristic 
of the analyte or standard and independent of electroosmotic flow velocity, the capillary length or applied voltage. Since 
the electrophoretic migration velocity is a key identifying characteristic of the analyte peaks, the ability to con-ectly 
calculate the electrophoretic migration velocity through the detennination of the electroosmotic flow velocity is signifi- 
es [00311 In one aspect of the present invention, the chromatograms are nonnalized in the following way. First, a chro- 
matogram is created utiteing a detector capable of reporting a change in the detector output as a result of a difference 
between the sample diluent and the system running buffer. This chromatogram is of a chromatography run of at least 
one standard of known concentration. Then at least one chromatogram of a chromatography run of a sample or samples 
of interest is created using the same detector. The migration times of the water dip in the standard and sample runs 
20 are determined, as well as the migration times of the standards and samples. Then the adjusted migration time is 
calculated according to the formula: 

adjusted migration time = (measured migration 
time) (migration time^^gj^ migration time^3a„pig) 

where migration time^ds^ = migration time of the water dip in the standard run, and 

migration time^^ sample = migration time of the water dip in the sample run. Then sample peaks may be identified by 
30 adjusted retention time by correlating the adjusted migration times of the samples to the adjusted migration times of 

the standards. ^ .',.,„ ■ 

[0032] In another aspect of the present invention, electropherograms from CE are nomialized in the following way. 
First an electropherogram of a CE run of at least one standard of known concentration is created. Then at least one 
electropherogram of a CE run of a sample or samples of interest is created. The migration times of the water dip in 
35 the standard and sample runs are determined, as well as the migration time of the standards and samples. Then, the 
electrophoretic mobility of each of the standards and samples is calculated according to the following fonnula: 

Ueo = '-'(1/ls-1/tw)/V 



40 



wherein 



Uep = electrophoretic mobility; 
L = length of capillary; 
45 V = applied voltage; 

t„ = migration time of the water dip; 
tg = migration time of the sample. 

Then the sample peaks are identified by electrophoretic mobility by correlating the electrophoretic mobility of the sam- 

50 pies to the electrophoretic mobility of the standards. 

[0033] In another aspect of the present invention, a method is described for the nomialization of variabilities asso- 
ciated with changes in the electroosmotic flow velocity of the bulk buffer of conductometric CE in systems wherein the 
voltage and the capillary are not altered between the standard run and the sample runs. In these systems, the elec- 
trophoretic index of each standard and sample, which is similar to the electrophoretic mobility, may be compared or 

55 correlated. 

[0034] in this aspect of the present invention, as above, the migration times of the water dips in the standard and 
sample runs are detemiined. Then the electrophoretic index is calculated according to the formula: 
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wherein 



E = the electrophoretic index; 

= migration time of the water dip; 
tg = migration time of the sample. 

Then sample peaks may be identified by the electrophoretic Index by correlating or comparing the electrophoretic index 
of the samples to the electrophoretic index of the standards. Thus variabilities in the electroosmotic flow rate may be 
normalized, and meaningful comparisons made between standards and samples. 

Brief Description of the Drawings 

[0035] 

Figure 1 depicts the linear relationship between the area of the water dip and the analyte peak area. Note that 
extrapolation results in a common Intersection point for these best fit lines, within expenmental error. 

Figure 2 depicts a standard electropherogram for the suppressed conductometric CE runs of Example 1 . 
Figure 3 depicts a standard electropherogram for CE using indirect photometric detection. 
Definitions 

r0036] By the term "chromatography" or grammatical equivalents herein includes a number of different chromatog- 
raphy methods. Chromatography can include, for example, ion exchange chromatography, ion exclusion chromatog- 
raphy, normal phase liquid chromatography, reversed-phase liquid chromatography (HPLC). capillary electrophoresis 
(CE) chromatofocusing, and micellarelectokinetic capillary chromatography (MECC). 

[0037] By the term "conductometric capillary electrophoresis" or grammatical equivalents herein is meant any cap- 
illary electrophoresis system which utilizes a conductivity meter as the method of peak detection. Included within the 
definition are both suppressed and nonsuppressed CE systems. - i, 

[0038] By the term "chromatograms" or grammatical equivalents herein is meant the time trace of a chromatography 
run i e the time trace of the detection measurement, with peaks resulting from changes in the detector output as the 
samples pass through the detection cell. The term is used regardless of the method of detection. The temi includes 
electropherograms, which are particularto CE runs. Electropherograms include CE runs utilizing conductivrty detection, 
with peaks resulting from changes in conductivity in the sample as it passes through the conductivity meter. These 
peaks are the result of a difference in conductivity and the resulting detector response. 

[0039] The peaks of a chromatogram or electropherogram can be negative or positive. For example, m the case of 
an electropherogram of a conductometric CE run, a peak may be negative in the sense it results from the sample 
passing through the detector being less conductive than the bulk electrolyte, (as in the case of water dips). The peaks 
may also be posit^/e, when the sample passing through the conductivity meter is more conductive than the bulk elec- 
trolyte (as in the case of sample or analyte peaks). 

[0040] By the term "water dip" or grammatical equivalents herein is meant the negative peak resulting from the 
passage of the water or sample electrolyte in which the sample was injected onto the C E system through the conductivity 
mstGr 

[0041] By the term "sample" or "analyte" or "sample compounds" or grammatical equivalents herein is meant any 
compound which may be run on a chromatography system for the purposes of analysis. It may be a compound whose 
identity is unknown, or a known compound whose concentration is unknown, or both. It may be an ion, a protein, 
inorganic and organic molecules, nucleic acids, and others. It is understood that the use of the singular or plural fomi 
of these words is not determinative and should not limit interpretation of the present invention and claims. 
[0042] By the term "standard" or grammatical equivalents herein is meant a compound which is run on a conducto- 
metric CE system, whose identity and concentration are known. It is understood that the use of the singular or plural 
form of the word "standard" is not determinative and should not limit interpretation of the present invention and claims. 
[0043] By the term "determining the area of the water dip or samples" or grammatical equivalents herein is meant 
any measurement used to determine or approximate the area under the curve of a peak on an electropherogram. One 
can either integrate the whole area of the peak or the peak area may be approximated by using the width of the peak 
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at baseline. Most commonly, this will be done through the use of a standard integrator, of f''='''''^'\^'^l^;2n°^^ 
mercial versions. However, other methods such as physically cutting out the peak and weighing the paper, or manually 
measuring the width of the peak at baseline, may be used as a relative measure of the area under the curve, 
[0044] It is understood that the water dip is generally a negative peak, resulting from the lower de ector response of 
he water from the sample injection from the bulk electrolyte, while the sample peaks are generalh^ positive peaks 
resulting from an increased detector response over the bulk electrolyte. The direction of the peak is irrelevant m the 

!SS''"Brthe tern -normalization or standardization of variabilities between electropherograms" or grammatical 
equivalents herein Is meant the process by which differences or variations in the way samples or standards mn can 
be corrected Thus, sample runs and standard runs are normalized when the experimental parameters are identica 
or near identical. When used in the present invention, normalization particularly means the correction or adjustment 
for changes in the sample injection volume and the electroosmoticflow velocity such that the EOF and sample inje^.on 
volume of the standard run and the EOF and sample injection volume of the sample run are essentially the same. This 
results in the corresponding adjustment of the sample peaks. . .u i, 

r00461 By the term "system running buffer" or grammatical equivalents herein is meant the bulk buffer of the chro- 
matography system. This is the buffer that is constantly introduced into the column or capillary. The running buffer is 
chosen on a variety of parameters, including compatibility with the sample, with the column or capillary, and the method 
of detection to be utilized. It may be an electro^rte, particularly in the case of conductometric CE. It may be a buffer 
containing fluorescent markers or high absorbtlvity. In the cases of indirect fluorescence detection and indirect photo- 
20 metric detection, respectively. 

Detailed Description of the Invention 

r00471 The present invention relates to a method for the standardization and normalization of chromatograms, and 
25 in particular electropherograms of CE. The present invention allows the normalization of variabilrties present in chro- 
matograms between standard and sample CE runs. 

[00481 In one embodiment, the present invention relates to the nomialization of variabilities associated with differ- 
ences in injection volumes of samples. A standard is injected and the area of the water dip and of the standard is 
determined. A sample is then injected and the area of the water dip and of the sample is determined. The peak area 
30 of the sample peak is adjusted by use Of the formula: 

(1 ) : Adjusted Peak Area = (measured peak 
area) (Area„js((,/Area^dsan,pte) 



35 

wherein 

Area^^d ^ = the area of the water dip in the standard run; 
40 Area„d sample = ai'ea of the water dip in the sample run. 

[0049] After the adjusted peak areas are calculated, the concentrations of the samples are calculated by the use of 
the formula: 

(2): Sample concentration = (sample adjusted 
peak area)(standard concentration/standard 
peak area). 



50 



The sample concentration is thus in the units of the standard concentration. 

rOOSOl in another preferred embodiment, the present invention relates to the normalization of vanabililies associated 
with differences in the flow velocity of the system running buffer. In particular, the invention relates to vanabilities 
associated with electroosmotic flow of the bulk electrolyte within the capillary of CE. These differences may be due to 
a change or variability of the capillary, to adsorbed material on the wall of the capillary, or to alterations in the applied 
voltage amongst other things. This is also significant if an integrator is used in the area detenmination of peaks, since 
the integration is dependent on time, and a change in the flow rate may result in a change in the area. 
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[00511 Variabilities in electroosmotic flow velocity may be corrected in several ways, using the following variables 

[0052r'since the water in the sample volume (or standard volume) is not ionized, it moves down the capillary at the 
same velocity as the bulk electrolyte, as a result of the electroosmotic flow This is expressed m equation (3)-. 

(3): V,,, = 



where 



10 



Veo = electroosmotic flow velocity in cm per second; 
L = the length of the capillary in cm; 
t„ = migration time of the water dip, in seconds. 

15 [0053] The total migration velocity is the vector sum of the electroosmotic flow velocity and the electrophoretic ve- 
locity, expressed in (4); 

(4): v,„, = v^„ + v^ 

20 

where 

v,o, = total migration velocity in cm/sec; 
Vep = net electrophoretic velocity in cm/sec; 
25 Veo = electroosmotic flow velocity in cm/sec. 

Note that Vep can be either positive or negative in sign, depending on whether the sample ion is electrophoretically 
migrating towards the outlet electrode or away from it. 
[0054] Combining (3) and (4) gives (5): 



30 



(5): v,o, = Lyt„ + v^p 
, also be calculated by dividing the total migration length by the observed migration time, (6): 

(6): v,oj = Lyt3 



where 

40 tg = observed migration time for sample ion in seconds. 
[0055] Combining (5) and (6) gives (7); 



45 



50 



[0056] Rearrangement gives (8): 



(7); v„ = L(1/t3-1/t^) 



(8); v„/L=1/t,-1/t„ 



If L is not changed, the electrophoretic index v,p/L, or E, electrophoretic velocity per unit length may be used as the 
identifying index that is independent of v^o. 

(9): E=1/t,-1rt„ 

where 

E = Vgp/L = electrophoretic index. 
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[0057] If however, eitherthe length of capillary orthe voltage Is varied between calibration conditions and the sample 
conditions, then electrophoretic mobility is used. Electrophoretic mobility Is the electrophoretic velocity per unit field 
strength, (10): 

(10): u,p = v,p/(V/L) = v,pUV 



where 

10 Ugp = electrophoretic mobility in cm^/volt sec; 

V = total applied voltage, in volts. 

[0058] Combining (8) and (9) gives (1 0): 

(10): u^ = L2(1/t,-1AJ/V 

[0059] Thus the electrophoretic mobility, u^p, can be calculated from observed values of t3 and t„, and values of L 

and V which are known, -.v, „uo„„„o 

20 [0060] In another-embodiment, a method is described for the nomnalization of variabilities associated with changes 
in the flow velocity of the system running buffer in chromatography systems. 

[0061] In a preferred embodiment, the value chosen as the migration time of any particular peak is the minima or 
maxima of the peak, depending on whether the peak is negative or positive. That Is, for the determination of the mi- 
qration time of a water dip peak, the minima of the conductance peak is chosen as the migration time. For a sample 
25 ..or standard peak, the maxima of the conductance peak is chosen. Alternative embodiments may use the beginning of 
the peak or the end of the peak, so long as the same parameter is used consistently 

[0062] In a preferred embodiment, the sample and standard are 100% aqueous. In alternative embodiments, the 
sample and standard are equal in composition if another solvent is present. 

[0063] In a preferred embodiment, the present invention may be used in the generation of a standard calibration 
30 curve Multiple injections of standards at different concentrations are made. Using one run as the reference, the ob- 
served area responses from all other injections of standards are adjusted or corrected using the above techniques. 
Then the adjusted peak area is plotted as a function of concentration. This is multi-point calibration with the use of the 
water dip for corrections in any variation during calibration. ^ 
[0064] The present Invention will find lise in any chromatography system which utilizes a detector capable of reporting 
35 a change in the detector output as a result of a difference between the sample diluent and the system running buffer. 
In a preferred embodiment, the detection is conductivity detection, suppressed conductivity detection, direct or indirect 
photometric detection, or direct or indirect fluorescence detection. ^ . 

[0065] Having described the particular methods employed in the present invention for the nomnalization and stand- 
ardization of CE electropherograms, and detailing how these methods may be utilized, and showing the successful 
40 normalization of CE electropherograms, the present disclosure is sufficient to enable one skilled in the art to use this 
knowledge to produce the end results by equivalent means using generally available techniques. 
[0066] The following examples serve to more fully describe the manner of using the above-descnbed invention, as 
well as to set forth the best modes contemplated for carrying out various aspects of the invention. It is understood that 
these examples in no way serve to limit the true scope of this invention, but rather are presented for illustrative purposes. 

45 

Examples 

Example 1 : Correction of Electroosmotic Flow Rate In a suppressed conductometric CE system 
50 [0067] The system described below is significantly the same as is disclosed in U.S.S.N. XXX,XXX. 

Capillary: 75|im i.d., 60 cm long fused silica 
Electrolyte: 2 mm Sodium Borate 
Voltage: pos. 24KV 
55 Injection: Hydrostatic - 30 mm, 10 sec. 

Supressor Regenerate: 10 mM Sulfuric Acid 

[0068] To generate figure 2, which depicts a standard CE electropherogram, 1 0 nM each of the following compounds 
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was injected: 

1 . carbonate 

2. chlorite 
5 3. fluoride 

4. phosphate 

5. chlorate 

6. perchlorate 

7. nitrate 
10 8. nitrite 

9. sulfate 

10. chloride 

11 . bromide 

12. chromate 



15 



20 



25 



30 



35 



40 



[0069] Next peaks 5 - 8, corresponding to chlorate, perchlorate, nitrate and nitrite were chosen for further study 
because they were well resolved. Each of the sample runs utilized the same conditions as above. The results are 
shown in table 1 . 
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Mt wd is the migration time for the water dip, Mtl - 
Mt4 represent the migration time for peaks 5 - 8. Mtl 
c rr - Mt corr represent th calculated 
electrophoretic velocity, vep, where vep = L(l/ts - 
1/tw)). Ul - U4 is the electrophoretic mobility, Uep 
= vepL/V. The RSD for Mt for the raw data was 
significantly larger than the RSD for Mt corr, 
indicating the normalizing effect of the calculation 
for changes in EO flow. Also, the standard deviation 
of Ul - U4 was well within the difference betwen the 
electrophoretic mobilities; thus, Uep may be used to 
identify the compounds. 

Example 2: Correction of Electroosmotic Flow Rate in a CE system utilizing indirect photometric detection 
[0070] 

Capillary: #1 -#3 75 umi.d., 50 cm long fused silica ,™o^o„ 

Electrolyte: 5.0 mM potassium acid phthalate, 0.5 mM tetradecyl trimethyl ammonium bromide (TTAB), 2.0 mM 

sodium borate, pH 5.9 

Voltage: neg, 15 KV 

Injection: gravity, 1 00 mm for 2 sec. 

supressor regenerant: 10 mN sulfuric acid 

[00711 Three different capillaries were utilized. Two standards, 2 ppm fluoride and 1.5 ppm phosphate, were utilized 
In the standard run. As is shown In Table 2, Mtl and Mt2 are the retention times for the standards. Mtl corr and Mt2 
corr represent the calculated electrophoretic velocity, vep, where vep = L(1/ts - 1/tw)). Ul and U2 Is the electrophoretic 
mobility, Uep = vepbV. As Is shown by the data In Table 2, this method allows standardization even if different capillaries 
Is used. 
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Example 3: Correlation of sample volume with water dip volume 

[0072] The system of example 1 was run, except that the sample volume injected was deliberateV varied. This was 
run using four separate analyte peaks, namely iodate, fluoride, chlorate and nitrate. The plot of the area of the water 
dip versus the plot of the analyte peak is seen in figure 1 . . ^ , 

[0073] This example illustrates the correlation of the size or area of the water dip with the size or area of the sample 

peaks. 

Example 4: Correction of Sample Injection Volumes 

[00741 A chromatography system or CE system may be mn as described in examples 1 and 2 or using any other 
common chromatography system, as long as the system enables the generation of a chromatogram or electrophero- 
gram. Perferably the detector used is operably connected to an integrator or other data collection device, but this is 

[0°075T^ThTconcentration of the analyte peaks may be calculated as follows. First, a standard or set of standards of 
known concentration are run, and then at least one run of samples of unknown concentration are run. Then the adjusted 
peak area of the first sample peak is calculated according to the equation: 

adjusted peak area = (measured peak area)(Area,^ 

gljj/Area^^^ sample^ 

[0076] Then, the sample concentration is calculated using the formula: 

sample concentration = (sample adjusted peak 
area)(standard concentration/standard peak area) 

[0077] This may be repeated for as many sample peaks as necessary. 

[0078] Alternatively, the peak width of the water dip at baseline, in seconds, may be used to correct the sample peak 
concentration. 



Claims 

1 A method of normalizing variabilities between chromatograms of standard and sample chromatography runs, said 
variabilities associated with sample injection, said variabilities resulting from differences in the sample injection 
40 volume that alter the sample chromatograms, said method comprising the steps of: 

(1) creating a chromatogram of at least one standard of known concentration, and at least one chromatogram 
for a sample of unknown concentration, said chromatograms being generated utilizing a detection method 
which results in a change in the detector output as a result of a difference between the sample diluent and the 

45 system running buffer; 

(2) determining for each said chromatogram an area of the water dip peak, the standard peaks and the sample 
peaks; and 

(3) using the relationship between the area of the water dip of the standard run and the area of the water dip 
of the sample run to correlate the sample concentration with the standard concentration. 

2. A method as claimed in Claim 1 , wherein said change in detector output results from a difference between the 
sample diluent and the electrolyte of the system mnning buffer. 

3 A method as claimed in Claim 1 or Claim 2, wherein said detection method is selected from conductometric de- 
tection, suppressed conductometric detection, direct or indirect photometric detection, and direct or indirect fluo- 
rescence detection. 
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A method as claimed in any one of the preceding Claims, wherein said chromatograms are capillary electrophoresis 
electropherograms. 

A method as claimed in any one of the preceding Claims, wherein step (3) comprises: 

(a) calculating adjusted peak areas for said sample peaks and said sample run water dip according to the 
fonnula: 

Adjusted Peak Area=(measured peak area) {Area^^ std/A''®^wd sample) 

wherein 

Area^std = the area of the water dip in the standard run 
Area^ sample = afsa of the water dip in the sample run; and 

(b) detennining sample concentration according to the fomiula; 

Sample concentration = (sample adjusted peak area)(standard 
concentration/standard peak area). 

A method as claimed in Claim 5, wherein said variabilities further result from changes in flow velocity of the system 
electrolyte, the method further comprising the steps of: 

(4) determining a migration time of the water dip, the standards and the samples in the standard and sample 
runs; 

(5) calculating adjusted peak migration times according to the formula: 

adjusted migration time = (measured migration time)(migration 
time^d 3,d/migration time„^ ^p^^) 

wherein 

migration time,^std = ^he migration time of the water dip in the standard run 
migration time^^ sample = migration time of the water dip in the sample run; and 

(6) identifying sample peaks by adjusted migration time by correlating the adjusted migration times of the 
samples to the adjusted migration times of the standards. 

A method as claimed in claim 5, wherein said variabilities further result from changes In electroosmotic flow velocity 
of capillary electrophoresis, the method further comprising the steps of: 

(4) determining the migration time of the water dip, the standards and the samples in the standard and sample 
runs; 

(5) calculating the electrophoretic mobility of each of the standards and samples according to the fonnula: 

u,p = l' (l/ts-WJ/V 

wherein Ugp = electrophoretic mobility, L = length of capillary, V = applied voltage, t^ = migration time of the 
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water dip, t^ = migration time of the sample; and 

(6) identifying sample peaks by electrophoretic mobility by correlating the electrophoretic mobility of the sam- 
ples to the electrophoretic mobility of the standards. 

A method as claimed in Claim 5, wherein the applied voltage and the capillary have not been altered between 
standard run and sample runs, said method further comprising the steps of: 

(4) determining the migration time of the water dips, the standards and the samples in the standard and sample 
runs; 

(5) calculating the electrophoretic index of each of the standards and samples according to the formula: 

wherein E = the electrophoretic index, t„ = migration time of the water dip, and t^ = migration time of the 
sample; and 

(6) identifying sample peaks by electrophoretic index by correlating electrophoretic index of samples to the 
electrophoretic index of standards. 

An apparatus for the normalization and standardization of variabilities between chromatograms of standard and 
sample chromatography runs, said variabilities associated with sample injection, said variabilities resulting from 
differences in the sample injection volume that alter the sample chromatograms, said apparatus comprising: 

(1) chromatography separating means for separating sample compounds; 

(2) detection means for producing a chromatogram with peaks, said detection means capable of reporting a 
change in the detector output as a result of a difference between the sample diluent and the system hjnning 
buffer; 

(3) integration means, operably coupled to the detection means, for calculating an area of the water dip peaks, 
the sample peaks and the standard peaks associated with said chromatogram; and 

(4) analysis means, operably coupled to said integration means, arranged for detenmining a relationship be- 
tween said calculated area of the water dip of said standard run and said calculated area of the water dip of 
said sample run, such that the concentration of said sample may be correlated to the concentration of said 
standard. 

An apparatus as claimed in Claim 9, wherein said detection means is selected from conductometric detection, 
suppressed conductometric detection, direct or indirect photometric detection and direct or indirect fluorescence 
detection. 

An apparatus as claimed in Claim 9 or Claim 10, wherein said analysis means includes: 

(a) means for calculating the adjusted peak areas of the sample peaks and the sample ru n water dip according 
to the formula: 

Adjusted Peak Area = (measured peak area) (f^rea^^^ia/Area^^^^pf^) 

wherein 

Area^ std = ^^e area of the water dip in the standard run 
Area,^ sample = area of the water dip in the sample run; and 

(b) means for determining the sample concentration according to the formula: 
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Sample concentration = (sample adjusted peak area)(standard 
concentration/standard peak area). 

12. An apparatus as claimed in Claim 9 or Claim 10, wherein said analysis means includes: 

(a) means for calculating the adjusted migration times of the sample peaks and the sample run water dip 
according to the fomnula: 

adjusted migration time = (measured migration time)(migration 
tinie^dsw/migration time^^ 

sample' 

15 wherein 

migration time^dsw = the migration time of the water dip in the standard run 
migration time^^ sample = the migration time of the water dip in the sample run. 

20 13. An apparatus as claimed in Claim 9 or Claim 10, wherein said analysis means includes means for calculating the 
electrophoretic index of each standard and sample according to the formula: 

E=W3-IA„ 

25 . 

Wherein E = the electrophoretic index, t„ = migration time of the water dip, and t^ = migration time of the sample, 

1 4. An apparatus as claimed in Claim 9 or Claim 1 0, wherein said variabilities further result from changes in electroos- 
motic flow velocity, the apparatus further including: 

30 ■ " 

(5) timing means for determining migration time of the water dip peaks, the standard peaks and the sample 
peaks; and 

(6) analysis means, operably coupled to said timing means, for determining a relationship between electro- 
35 phoretic mobility of the standard peaks and the electrophoretic mobility of the sample peaks, based on a 

relationship of the migration time of the water dip of the standard run and the migration time of the water dip 
of the sample run. 
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15. An apparatus as claimed in Claim 14, wherein said analysis means (6) includes: 

(A) means for calculating adjusted peak areas of the sample peaks and the sample run water dip according 
to the fonnula: 

Adjusted Peak Area = (measured peak area) (Area^^jsy/Area^^^sa^pie) 

wherein 

Area^d = the area of the water dip in the standard run 
Area^ sample = area of the water dip in the sample run; 

(B) means for determining sample concentration according to the formula: 

Sample concentration = (sample adjusted peak area)(standard 
concentration/standard peak area); and 
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(C) means for calculating electrophoretic mobility of each of the standards and samples according to the for- 
mula: 

wherein Uep = electrophoretic mobility, L = length of capillary, V = applied voltage, t„ = migration time of the 
water dip, and tg = migration time of the sample. 



Patentanspriiche 

1 . Verfahren zum Normieren von Variabilitaten zwischen Chromatogrammen von Chromatographiedurchlaufen, wo- 
bei die Variabilitaten der Injektion der zu vemiessenden Proben zugeordnet sind und sich aus den Differenzen im 
15 injektionsvolumen der zu vemiessenden Proben ergeben, die die Chromatogramme der zu vemiessenden Proben 

andern, mit den Schritten 

(1) Erzeugen eines Chromatogramms wenigstens einer Referenzprobe mit bekannter Konzentration und we- 
nigstens eines Chromatogramms fiir eine zu vemiessende Probe mit unbekannter Konzentration, wobei die 

20 Chromatogramme unter Venwendung eines tVleBverfahrens erzeugt werden, das zu einer Anderung des De- 

tektorausgangssignals als Folge einer Differenz zwischen dem Verdunnungsmittel der zu vemiessenden Pro- 
be und dem Systembetriebspuffer fuhrt, 

(2) Bestimmen der Flache unter dem wasserspezifischen Peak, den Peaks der Referenzproben und den Peaks 
der zu vermessenden Proben fiir jedes Chromatogramm und 

25 (3) venwenden der Beziehung zwischen der Flache unter dem wasserspezifischen Peak des Durchlaufs der 

Referenzprobe und der Flache unter dem wasserspezifischen Peak des Durchlaufs der zu vemiessenden 
Probe zur Kon-elierung der Konzentration der zu vemiessenden Probe mit der Konzentration der Referenz- 
probe. 

30 2. Verfahren nach Anspruch 1 , bei welchem die Anderung des Detektorausgangssignals sich aus einer Differenz 
zwischen dem Probenlosungsmittel und dem Elektrolyten des Systembetriebspuffers ergibt. 

3. Verfahren nach Anspruch 1 oder Anspruch 2, bei welchem das Me3verfahren aus der konduktometrischen Mes- 
sung, der unterdriickten konduktometrischen Messung, der direkten oder indirekten photometrischen Messung 

35 und der direkten oder indirekten Fluoreszenzmessung ausgewahit wird. 

4. Verfahren nach einem der vorhergehenden Anspruche, bei welchem die Chromatogramme Kapillarelektrophore- 
se-Elektropherogramme sind. 

40 5. Verfahren nach einem der vorhergehenden Anspruche, bei welchem zu Schritt (3) gehoren 

(a) Berechnen der normierten Peakflachen fiir die Peaks der zu vemiessenden Proben und fiir den wasser- 
spezifischen Peak des Durchlaufs der zu vermessenden Probe nach der Gleichung 



45 



normierte Peakflache = (gemessene Peakflache). 
(Flache„5,5,d/Flache„d 

Probe'' 



50 wobei 

die Flache^j^std die Flache unter dem wasserspezifischen Peak des Durchlaufs der Referenzprobe und 
die FLache^ die Flache unter dem wasserspezifischen Peak des Durchlaufs der zu vemiessenden 
Probe sind, und 

55 

(b) Bestimmen der Konzentration der zu vemnessenden Probe nach der Gleichung 
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Konzentration der zu vermessenden Probe = (normierte 
Peakflache derzu vermessenden Probe). (Konzentration 
der Referenzprobe/Peakflache der Referenzprobe). 

Verfahren nach Anspruch 5, bei welchem die Variabilitaten sich ferner aus Anderungen der Stromungsgeschwin- 
digkeit des Systemelektrolyten ergeben und das Verfahren weiterhin die Schritte aufweist: 

(4) Bestimmen einer Migrationszeit des wasserspezifischen Peaks der Referenzproben und der zu vermes- 
senden Proben in den Durclilaufen der Referenzproben und derzu vemiessenden Proben, 

(5) Berechnen von nomiierten Peakmlgrationszelten nach der Gleichung 

Normierte Migrationszeit = (gemessene IVIigrationszeit). 
(Migrationszeit^dst^/IVIigrationszeit^^ P„t^), 

wobei 

die IVIigrationszeit„ds,d die Migrationszeit des wasserspezifischen Peaks in dem Durchlauf der Referenzpro- 
ben und die Migrationszeit^^ Probe die Migrationszeit des wasserspezifischen Peaks in dem Durchlauf der zu 
vermessenden Proben sind, und 

(6) Identifizieren von Peaks derzu vermessenden Proben durch nomiierte Migrationszeit uberdle Korrelierung 
der normierten Migrationszeiten der zu vermessenden Proben mit den nonnierten Migrationszeiten der Refe- 
renzproben. 

Verfahren nach Anspruch 5, bei welchem die Variabilitaten sich weiterhin aus Anderungen der elektroosmotischen 
Stromungsgeschwindigkeit der Kapillarelektrophorese ergeben, wobei das Verfahren weiterhin die Schritte auf- 
weist 

(4) Bestimmen der Migrationszeit des wasserspezifischen Peaks der Referenzproben und derzu vemnessen- 
' den Proben in den Durchlaufen der Referenzproben und der zu vermessenden Proben, 

(5) Berechnen der elektrophoretischen Mobilitat einer jeden der Referenzproben und der zu vermessenden 
Proben nach der Gleichung 

= (l/t3 - \njN 

wobei die elektrophoretische Mobilitat, L die Kapillarenlange, V die angelegte Spannung, t,, die Migrati- 
onszeit des wasserspezifischen Peaks und die Migrationszeit der zu vermessenden Probe sind und 

(6) Identifizieren von Peaks der zu vemiessenden Proben durch elektrophoretische Mobilitat iiber die Korre- 
lierung der elektrophoretischen Mobilitat der zu vermessenden Proben mit der elektrophoretischen Mobilitat 
der Referenzproben. 

Verfahren nach Anspruch 5, bei welchem die angelegte Spannung und die Kapillare zwischen den Durchlaufen 
der Referenzproben und den Durchlaufen der zu vermessenden Proben nicht geandert wurden, wobei das Ver- 
fahren weiterhin die Schritte aufweist 

(4) Bestimmen der Migrationszeit des wasserspezifischen Peaks der Referenzproben und der zu vemiessen- 
den Proben in den Durchlaufen der Referenzproben und den Durchlaufen der zu vermessenden Proben, 

(5) Berechnen des elektrophoretischen Index bei jeder Referenzprobe und jeder zu vemnessenden Probe 
nach der Gleichung 



wobei E der elektrophoretische Index, t^ die Migrationzeit des wasserspezifischen Peaks und t^ die Migrati- 
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onszeitderzu vermessenden Probe sind, und 

(6) Identifizieren von Peaks der zu vermessenden Proben durch den elektrophoretischen Index uber die Kor- 
relierung des elektrophoretischen Index der zu vermessenden Proben mit dem elektrophoretischen Index der 
Referenzproben. 

9. Vorrichtung zum Normieren und Standardisieren von Variabllitaten zwischen Chromatogrammen von Chromato- 
graphiedurchlaufen von Referenzproben und zu vermessenden Proben, wobei die Variabilitaten der Injektion der 
zu vermessenden Proben zugeordnet sind und sich aus Differenzen in dem Injektionsvolumen derzu vennessen- 
den Proben ergeben, die die Chromatogramme der zu vermessenden Proben andern, 

(1) mit einer Chromatographie-Trenneinrichtung zum Trennen von Mischungen (Verbindungen) der zu ver- 
messenden Proben, 

(2) mit einer Detektoreinrichtung zum Erzeugen eines Chromatogramms mit Peaks, wobei die Detektorein- 
richtung in der Lage ist, eine Anderung des Detektorausgangssignals als Folge einer DIfferenz zwischen dem 

15 Verdiinnungsmittel der zu vennessenden Probe und dem Systembetriebspuffer anzugeben, 

(3) mit einer Integriereinrichtung, die funktionsmaBig mit der Detektoreinrichtung zum Berechnen einer Flache 
unterdem wasserspezifischen Peak, unterden Peaks derzu vermessenden Proben und unterden Peaks der 
Referenzproben, die den Chromatogrammen zugeordnet sind, gekoppelt ist, und 

(4) mit einer Analyseeinrichtung, die funktionsmaBIg mit der Integrationseinrichtung gekoppelt und fur em 
20 Bestimmen einer Beziehung zwischen der berechneten Flache unter dem wasserspezifischen Peak des 

Durchlaufs der Referenzproben und der berechneten Flache unter dem wasserspezifischen Peak des Durch- 
laufs der zu vermessenden Proben so angeordnet ist, daB die Konzentration der zu vermessenden Probe mit 
der Konzentration der Referenzprobe korreliert werden kann. 

25 10. Vorrichtung nach Anspruch 9, bei welcher die Detektoreinrichtung aus der konduktometrischen Messung, der un- 
terdruckten konduktometrischen Messung, der direkten oder indirekten photometrischen Messung und der direk- 
ten Oder indirekten Fluoreszenzmessung ausgewahit ist. 

11. Vorrichtung nach Anspmch 9 oder Anspruch 10, bei welcher die Analyseeinrichtung 

(a) eine Einrichtung zum Berechnen der normierten Peakflachen der Peaks derzu vemiessenden Proben und 
des wasserspezifischen Peaks des Durchlaufs der zu vermessenden Probe nach der Gleichung 

Nonnierte Peakflache = (gemessene Peakflache). 
(Flache„d5,d/Flache„d 

Probe'' 
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wobei 



40 



die Flache^ die Flache des wasserspezifischen Peaks des Durchlaufs der Referenzproben und 
die Flache^d Probe die Flache unter dem wasserspezifischen Peak des Durchlaufs der zu vermessenden 
Proben sind und 

45 (b) eine Einrichtung zum Bestimmen der Konzentration der zu vennessenden Proben nach der Gleichung 

aufweist 

Konzentration der zu vermessenden Probe = (normierte 
Peakflache der zu vennessenden Probe). (Konzentration 
der Referenzprobe/Peaktlache der Referenzprobe). 

12 Vorrichtung nach Anspruch 9 oder Anspruch 10, bei welcher die Analyseeinrichtung 

(a) eine Einrichtung zum Berechnen der normierten Migrationszeiten der Peaks derzu vennessenden Proben 
und des wasserspezifischen Peaks des Durchlaufs der zu vennessenden Probe nach der Gleichung 
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Normierte Migrationszeit = (gemessene Migrationszeit)* 
(Migrationszeit^ gj^Migrationszeit^^ p^^^^ 

aufweist, wobei die IVIigrationszelt^d stddie Migrationszeit des wasserspezifischen Pealcs des Durchlaufs der Re- 
ferenzprobe und die Migrationszeit^,, die Migrationszeit des wasserspezifischen Pealcs des Durchlaufs der 
zu vermessenden Proben sind. 

13. Vorrichtung nach Anspruch 9 oder Anspruch 10, bei welcherdie Analyseeinrichtung eine Einrichtung zum Berech- 
nen des elektrophoretischen Index jeder Referenzprobe und jeder zu vermessenden Probe nach der Gleichung 

E = IA3 - IA„ 

aufweist, wobei E der elektrophoretische Index, t„ die Migrationszeit des wasserspezifischen Peal<s und t^ die 
Migrationszeit der zu vennessenden Probe sind. 

1 4. Vorrichtung nach Anspruch 9 oder Anspruch 1 0, bei welcher die Variabilitaten sich we'rterhin aus Anderungen der 
elektroosmotischen Stromungsgeschwindigkeit ergeben, wobei die Vorrichtung weiterhin 

(5) eine Zeiteinrichtung zum Bestimmen der Migrationszeit der wasserspezifischen Peaks, der Peaks der 
Referenzproben und der Peaks der zu vennessenden Proben sowie 

(6) eine Analyseeinrichtung aufweist, die funktionsmaBig mit der Zeiteinrichtung zum Bestimmen einer Bezie- 
hung zwischen der elektrophoretischen Mobilitat der Peaks der Referenzproben und der elektrophoretischen 
Mobilitat der Peaks derzu vermessenden Proben basierend auf einer Beziehung der Migrationszeit des was- 
serspezifischen Peaks des Durchlaufs der Referenzproben und der Migrationszeit des wasserspezifischen 
Peaks des Durchlaufs derzu vemiessenden Proben gekoppelt ist; 

15. Vorrichtung nach Anspruch 14, bei welcher die Analyseeinrichtung (6) 

(A) eine Einrichtung zum Berechnen normierler Peakflachen der Peaks der zu vermessenden Proben nach 
der Gleichung 

Nonnierte Peakflache = (gemessene Peakflache). 
(Flache^j 3,d/Fiache„d p^), 

wobei 

die Flache^^sjd die Flache des wasserspezifischen Peaks des Durchlaufs der Referenzprobe und 

die Flache^d Probe die Flache des wasserspezifischen Peaks des Durchlaufs der zu vermessenden Probe 

sind, 

(B) eine Einrichtung zum Bestimmen der Konzentration derzu vermessenden Probe nach der Gleichung Kon- 
zentration der zu vermessenden Probe = (nonnierte Peakflache der zu vermessenden Probe). (Konzentration 
der Referenzprobe/Peakflache der Referenzprobe) und 

(C) eine Einrichtung zur Berechnung der elektrophoretischen Mobilitat der Referenzproben und der zu ver- 
messenden Proben nach der Gleichung 

Uep = l-2 (l/ts-Ww)V 

aufweist, wobei U^p die elektrophoretische Mobilitat, L die Kapillarenlange, V die angelegte Spannung, t^ die 
Migratioiiszeit des wasserspezifischen Peaks und t^ die Migrationszeit derzu vermessenden Probe sind. 
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Revendlcatlons 

1. Procede de normalisation de variabilites entre des chromatogrammes d'essais de cliromatographie de reference 
et d'echantillons, lesdites variabilites 6tant associees k une injection d'echantillon, lesdites variabilites resultant 
de diff6rences dans le volume d'injection d'6chantillon qui altferent les chromatogrammes des 6chantillons, ledit 
procede comprenant les 6tapes dans lesquelles : 

(1) on cr6e un chromatogramme d'au moins une r6f6rence de concentration connue, et au moins un chroma- 
togramme d'un echantillon de concentration inconnue, lesdits chromatogrammes etant generes en utilisant 
un procede de detection qui aboutit a une variation du signal de sortie du detecteur par suite d'une difference 
entre le diluant de I'echantillon et le tampon d'entrainement du systeme ; 

(2) on determine pourchaque chromatogramme une aire du pic d'inflexion due & I'eau, des pics de r6f6rences 
et des pics d'echantillons ; et 

(3) on utilise la relation entre I'aire de I'inflexion due k I'eau de I'essai de r6f6rence et I'aire de I'inflexion due 
6 I'eau de I'essai d'6chantillon pour mettre en correlation la concentration de r§chantillon avec la concentration 
de reference. 

2. Proc6d6 selon la revendication 1 , dans lequel ladite variation du signal de sortie du d6tecteur r6sulte d'une diffe- 
rence entre le diluant de I'echantillon et ['electrolyte du tampon d'entrainement du systeme. 

3; Precede selon la revendication 1 ou la revendication 2, dans lequel ledit precede de detection est choisi pamni 
une detection conductometrique, une detection conductometrique affaiblie, une detection photometrique directe 
ou indirecte et une detection par fluorescence directe ou indirecte. 

4. Procede selon I'une quelconque des revendications precedentes, dans lequel lesdits chromatogrammes sont des 
electrophoregrammes d'electrophorese capillaire. 

5. Precede selon I'une quelconque des revendications pr6cedentes, dans lequel I'etape (3) comprend : 

(a) le calcul des aires des pics ajustees pour lesdits pics d'echantillons et ladite inflexion due a I'eau de I'essai 
d'echantillon conformement k la formule : 

aire de pic ajustee = (aire de pic mesur6e) (aire^^ std^^'i'^wd echantillon) 



aire^^std = aire de I'inflexion due a I'eau dans I'essai de reference 

aire^d echantillon = ^^'^ I'inflexlon due a I'eau dans I'essai d'echantillon ; et 

(b) la determination de la concentration de I'echantillon confomi6ment k la formule : 



Concentration d'echantillon = (aire du pic ajustee de 
l'echantillon)(concentration de reference/aire du pic de reference). 



6. Precede selon la revendication 5, dans lequel lesdites variabilites r6sultent en outre de variations de la Vitesse 
d'6coulement de I'^lectrolyte du systeme, le precede comprenant en outre les etapes dans lesquelles : 

(4) on detemine un temps de migration de I'inflexion due k I'eau, des references et des echantillons dans les 
essais de references et d'echantillons ; 

(5) on calcule les temps de migration des pics ajustes conformement a la formule : 

temps de migration ajuste = (temps de migration mesure)(temps de 
migration^ std^emps de migration^ ^a^tmon) 
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oil 

temps de migration^j = le temps de migration de I'inflexlon due a 
I'eau dans I'essai d'6chantillon 

temps de mlgration^^, eeharrtinon = '^"^P^ '^^ migration de ('Inflexion due 
k I'eau dans I'essai d'echantillon ; et 

(6) on identifie des pics d'6chantillons par un temps de migration ajust6 par mise en correlation des temps de 
migration ajustes des echantillons avec les temps de migration ajustes des references. 

Proc6d6 selon la revendication 5, dans lequel lesdites variabilit6s r6sultent en outre de variations de la Vitesse du 
flux electro-osmotique d'une electrophorese capillaire, le procede comprenant en outre les etapes dans lesquelles : 

(4) on determine le temps de migration de I'inflexlon due & I'eau, des references et des dchantlllons dans les 
passes de references et d'echantillons ; 

(5) on calcule la mobllite electrophoretique de chacun des references et des echantillons confomiement a la 
fonnule : 

= l'(ia3 - mjN 

oil Uep = mobllite electrophoretique, L = longueur du capillaire, V = tension appllquee, t„ = temps de migration 
de I'inflexlon due a I'eau, tg = temps de migration de Techantillon ; et 

(6) on identifie des pics d'echantillons par mobllite electrophoretique en mettant en con-eiation la mobllite 
electrophoretique des echantillons avec la mobllite electrophoretique des references. 

Precede selon la revendication 5, dans lequel la tension appllquee et le capillaire n'ont pas ete modifies entre un 
essal de reference et des essais d'echantillons, ledit precede comprenant en outre les etapes dans lesquelles : 

(4) on determine le temps de migration des inflexions dues & I'eau, des references et des echantillons dans 
les essais de references et d'echantillons ; 

(5) on calcule I'indice electrophoretique de chacun des references et des echantillons conformement a la 
formule : 

dans laquelle E = I'indice electrophoretique, t„ = le temps de migration de I'inflexlon due a I'eau et t^ = le temps 
de migration de I'echantillon ; et 

(6) on identifie des pics d'echantillons par I'indice electrophoretique en mettant en con-6lation I'indice electro- 
phoretique des echantillons avec I'indice electrophoretique des references. 

Appareil pour la nonnallsation et retalonnage de variabilltes entre des chromatogrammes d'essais de chromato- 
graphie de references et d'echantillons, lesdites variabilltes etant associees a I'injection d'echantillons, lesdites 
variabilltes resultant de differences dans le volume d'injectlon d'echantillons qui alterent les chromatogrammes 
des echantillons, ledIt appareil comportant : 

(1 ) un moyen de separation par chromatographie pour separer des composes d'echantillons ; 

(2) un moyen de detection destine a produire un chromatogramme avec des pics, ledIt moyen de detection 
etant capable d'indiquer une variation dans le signal de sortie du detecteur par suite d'une difference entre le 
diluant de I'echantillon et le tampon d'entrainement du systeme ; 

(3) un moyen d'integration, couple fonctionnellement au moyen de detection, pourcalculer une aire des pics 
d'inflexion due a I'eau, des pics d'echantillons et des pics de references associes audit chromatogramme ; et 
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(4) un moyen d'analyse. coupl6 fonctionnellement audit moyen d'int6gration, agenc6 pour determiner une 
ieiation entre ladite aire calcul6e de I'inflexion due ^ I'eau dudit essai de r6f6rence et ladite aire calcul6e de 
I'inf lexion due k I'eau dudit essai d'echantillon. de fa?on que la concentration dudit echant.llon puisse etre mise 
en correlation avec la concentration de ladite reference. 

10. Appareil selon la revendication 9, dans lequel ledit moyen de detection est choisi pamii une detection conducto- 
metrique. une detection conductometrique affaiblie, une detection photometrique directe ou mdirecte et une de- 
tection par fluorescence directe ou indirecte. 

11. Appareil selon la revendication 9 ou la revendication 10, dans lequel ledit moyen d'analyse comprend : 

(a) un moyen destine a calculer tes aires de pics ajustees des pics d'6chantillons et de rinflexion due & I'eau 
de I'essai d'6chantillon confonnement a la formule : 

aire de pic ajustee = (aire de pic mesuree) (aire^^ std'^'''®vwi echantillon) 



oil 

aire„d std = ^^'^ I'inflexion due a i'eau dans I'essai de reference 
aire^dlchantiiion = aire de I'inflexion due a I'eau dans I'essai d'echantillon ; et 

(b) un moyen pour determiner la concentration de I'echantillon confomiement a la formule : 



Concentration d'echantillon = (aire du pic ajustee de 
l'echantillon)(concentration de r6ference/aire du pic de reference). 

12. Appareil selon la revendication 9 ou la revendication 10, dans lequel ledit moyen d'analyse comprend . 

(a) un moyen destine a calculer les temps de migration ajustes des pics d'echantillons et 1 inflexion due a 
I'eau de I'essai d'echantillon conformement a la formule : 

temps de migration ajuste = (temps de migration mesur6) (temps de 
migration^ 3td^emps de migration^^ echantillon' 



temps de migration^ = temps de migration de I'inflexion due k 
I'eau dans I'essai de reference, 

temps de migration^^echantiiton = 1^ temps de migration de I'inflexion due 
& I'eau dans I'essai d'echantillon. 

13 Appareil selon la revendication 9 ou la revendication 10, dans lequel ledit moyen d'analyse comprend un moyen 
dest^e rcalculer I'indice eiectrophoretique de chaque reference et de chaque echantillon confom.err,ent k la 
formule : 

E = 1A,-W„ 



dans 



laquelle E = I'indice eiectrophoretique, t„ = le temps de migration de I'inflexion due k I'eau et t^ = le temps 
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de migration de l'6chantillon. 

14. Appareil selon la revendication 9 ou la revendication 10, dans lequel lesdites variabilit6s resultent en outre de 
variations de la vitesse d'dcoulement electro-osmotique, I'appareil comportant en outre : 

5 

(5) un moyen de mesure de temps destine a detem:iiner un temps de migration des pics d'inflexion due & I'eau, 
des pics de references et des pics d'echantillons ; et 

(6) un moyen d'analyse, coupl6 fonctionnellement audit moyen de mesure de temps, pour d6tenniner une 
relation entre la mobilite electrophoretique des pics de references et la mobilite electrophoretique des pics 

10 d'echantillons, sur la base d'une relation du temps de migration de I'inflexion due & I'eau de I'essai de reference 

et du temps de migration de I'inflexion due a I'eau de I'essai d'echantillon. 

15. Appareil selon la revendication 14, dans lequel ledit moyen d'analyse (6) comprend : 

IS (A) un moyen destine h calculer des aires de pics ajust6es des pics d'echantillons et de I'inflexion due & I'eau 

de I'essai d'echantillon conformement a la formule : 

aire de pic ajustee = (aire de pic mesuree) (aire^^^, ^a'ake^ echanaiion) 
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ou 



airewdstd = ''aire de I'inflexion due a I'eau dans I'essai de reference, 
aire„d Echantillon = aire de I'inflexion due S I'eau dans I'essai d'echantillon ; 

(B) un moyen pour detenniner une concentration d'echantillon confonnement a la fonnule : 

Concentration d'echantillon = (aire de pic ajustee de 
I'echantillon) (concentration de reference/aire du pic de reference) ; 

et 

(C) un moyen pour calculer la mobilite electrophoretique de chacun des references et des echantillons con- 
35 formement & la formule : 

= L^^t3 - IA,)V 

40 dans laquelle U^p = mobilite electrophoretique, L = longueur du capillaire, V = tension appliquee, t„ = temps 

de migration de I'inflexion due a I'eau et tg = temps de migration de I'echantillon. 
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